LCA cDNA clone pLY5-68 (6) , in the presence of 4 x SSC, 50% (vol/vol) formamide, and 10 01o (wt/vol) sodium dextran sulfate, at 28°C. The filters were washed at 44°C in 0.1 x SSC, 0.1% SDS. Positive clones were then hybridized to the human LCA cDNA clones, LCA.6 and LCA.2 (4), under stringent conditions (hybridization at 42°C and washing at 65°C). Those clones that did not hybridize to the human LCA probes were further characterized by restriction mapping and nucleotide sequence determination. The 1-kb Sac I fragment (probe 1) of the LAR1 clone was used as a hybridization probe to screen a human tonsil lymphocyte cDNA library (4) using stringent hybridization and washing conditions . cDNA clones thus isolated were in turn used as hybridization probes to screen the same cDNA library in order to isolate cDNA clones that contain additional 5' sequences.
Nucleotide Sequence Determination . Nucleotide sequences were determined by the method of Maxam and Gilbert (9) .
OtherMethods. Restriction site mapping, subcloning, nick translation, and Southern and Northern blot hybridization, are according to Maniatis et al . (10) .
Results
Isolation ofa Human Gene Homologous to the Leukocyte Common Antigen Gene. Six human genomic DNA clones that hybridized to LCA cDNA probes under relaxed conditions but not under a stringent condition were isolated from a human genomic DNA library. These genomic DNA clones were characterized by restriction mapping, Southern blot hybridization, and nucleotide sequence determination. Although five of the genomic clones contained short stretches of nucleotide sequences fortuitously identical to various portions of the mouse LCA cDNA, the sixth clone, named LARI for LCA Related, contained several open reading frames, each homologous to contiguous segments of the LCAs . Fig. 1 A shows the restriction map of a portion of the genomic DNA clone, LARl . To ascertain if the LAR gene is expressed in lymphoid cells, poly(A)+ RNAs isolated from several human B and T cell lines were examined by Northern RNA blot hybridization using probe 1 (Fig . 1 A) . Fig. 2 A shows that several T cell lines express LAR mRNA, which is N8 kb in length, while B cells express very little or no LAR mRNA . To determine the primary structure of the protein encoded by the LAR gene, we isolated LAR cDNA clones from a tonsil lymphocyte cDNA library using probe 1. After several rounds of cDNA walking, we isolated overlapping cDNA clones that spanned a total of 7.7 kb (Fig . 1 B) . The total nucleotide sequences of these cDNAs showed that the LAR mRNA has a long open reading frame that would encode a protein of 1,897 amino acids (Fig . 3 A) .
The deduced LAR amino acid sequence has typical features of membrane glyco- (Fig . I B) were determined by the method of Maxam and Gilbert (9) . The numbers on the right show amino acid positions in the predicted mature form of
proteins . The NH2-terminal sequence is highly hydrophobic, and is probably a signal peptide. Analysis using the algorithm of von Heijne (11) predicted that the most likely NH2 terminus of the mature protein is the seventeenth amino acid, alanine. The alanine was, therefore, assigned the amino acid position 1. The LAR sequence has a second highly hydrophobic stretch (amino acid positions 1235-1258), which is likely to be a transmembrane peptide. Thus, the mature LAR protein would have a 1,234 amino acid extracellular region and a 623 amino acid cytoplasmic region, connected by a 24 amino acid transmembrane peptide. In Fig. 1 C, the structure of the LAR cDNA is schematically shown. The extracellular region has five potential N-linked glycosylation sites (indicated by dots in Fig. 3 A) . The cytoplasmic region of the LAR protein has 38% amino acid identity to the cytoplasmic region of the LCA protein (Fig. 3 C) . Similarity between LCA and LAR exists also at the level of gene organization . Eight exons, arbitrarily called exons I through VIII, were identified in -3.5 kb of the LAR1 genomic clone (Fig . 1 A) . These exons encode a major portion of the cytoplasmic region ofthe LAR protein. The exon-intron organizations ofthe LAR gene segment and the corresponding region of the LCA gene (12) are very similar. For example, LAR exons III, IV, VII, and VIII precisely correspond to LCA exons 23, 24, 29, and 30, respectively (data not shown) .
The LAR Gene Belongs to the Ig Superfamily. In contrast to the cytoplasmic regions, the extracellular regions of the LAR and LCA proteins have no significant sequence similarity. However, the NH2-terminus sequence of LAR protein consists of three repeat units of Ig-like domains. While any member of the Ig superfamily can be aligned with this segment of the LAR protein sequence, the N-CAM sequence had the highest degree (27%) of identity (Fig. 3 B) . N-CAM has five Ig-like domains at the NH2 terminus, which are followed by a further segment of sequence before the transmembrane sequence (7) . This extra, non-Ig-like sequence can be split into two domains, N-CAM(vi) and N-CAM(vii), of -100 amino acids that show weak similarity to each other. In LAR there are nine similar but non-Ig-like domains, LAR(iv) through LAR(xii), after the first three Ig-like domains. The nine domains, which are -100 amino acids in size, show convincing sequence similarity (between 16 and 33%) to N-CAM(vi) and somewhat weaker similarity to N-CAM(vii) (Fig.  4) . Thus, the entire LAR extracellular sequence is made up of a total of 12 domains, which are related to N-CAM sequence .
Expression of the LAR Gene. To examine the expression of LAR mRNA, 14 cell lines (four lung, three breast, two colon, two melanoma, and one each of kidney, prostate, and myelomonocyte cell lines) were examined by dot blot hybridization using a LAR cDNA probe. The results (data not shown) demonstrated that all 14 cell lines express the LAR mRNA to various extents. Two nonlymphoid cell lines, 
LAR(iv)
TVRALPBPPIDLVVTBTTATSTILT-VDSQRSBPVTYYQIQYRAAQTBD----PPQBVDQVATTI(YSIQQLSPF=AnVWVIBIQROPPSBAVRARTO namely, the prostate cell line PC3 and kidney cell line SKRC, express relatively large amounts of the 8-kb LAR mRNA (Fig. 2 B) . Therefore, the LAR gene is expressed in a broad range of cell types.
The human T cell line Hut78 expresses two LAR mRNAs of slightly different lengths (Fig. 2, A and B) . Because the differential splicing of the exons encoding peptides near the NH2 terminus of the LCA molecules generates multiple forms of LCA mRNAs (4, 5, 14) , it was of interest to see if these LAR mRNAs are also generated by differential splicing . To test this possibility, Northern blot analysis was performed using probe 3 ( Fig. 1) , which is derived from the very Tend of the LAR cDNA and includes the 5' untranslated region as well as the first Ig-like domain. Fig. 2 C demonstrates that the LAR mRNA of PC3 and SKRC cells, and the larger LAR mRNA of Hut78 cells hybridize to probe 3, but that the smaller Hut78 LAR mRNA does not. This result demonstrates that the two LAR mRNAs are different in the 5' regions, although this does not prove that these two mRNA are generated by differential splicing.
Discussion
What are the possible functions of the Ig-like domains and LCA-like domains of the LAR protein? The most basic function of the Ig-like domains seems to be their capacity to form dimeric structures with other Ig-like domains (15) . This adhesive property can be either homophilic or heterophilic. Thus, the three Ig-like domains ofthe LAR protein may also interact with other Ig-like domains. If the LAR protein has homophilic properties like N-CAM, then LAR may function as a cell adhesion molecule. The fact that all ofthe LAR extracellular sequence can be aligned to N-CAM may support this hypothesis. The function of the cytoplasmic regions ofthe LAR and LCA molecules is less clear. One possible clue, however, is the finding that LCAs are associated with the cytoskeletal component fodrin (16) , which is implicated in the control ofexocytosis (17) . This suggests that the function of the conserved cytoplasmic domains of the LCA and LAR proteins might be to associate with fodrin . Association of transmembrane proteins and the cytoskeleton is probably essential for processes such as cell motility, cell-cell recognition, phagocytosis, endocytosis, and exocytosis.
Evolution of genes by assembly of functionally independent domains is frequently observed . The LAR gene presents an interesting case that brings together hitherto unrelated molecules, namely, the LCAs and the Ig superfamily. Further characterization ofthe LAR gene and its product will help to understand the function of the LCA molecules . Summary A human gene (LAR) that hybridizes to mouse leukocyte common antigen cDNA under relaxed hybridization conditions was isolated. The LAR gene is expressed in a broad range ofcells, including T lymphocytes, kidney, and prostate cells. The structure ofthe protein encoded by the LAR gene was deduced by determining the nucleotide sequences of a 7.7-kb LAR cDNA. The putative LAR protein is composed of a 1,234 amino acid extracellular region, a 24 amino acid transmembrane segment, and a 623 amino acid cytoplasmic region . The cytoplasmic region contains two homologous domains that have extensive sequence similarity to the cytoplasmic region of the leukocyte common antigens. The NH2-terminal region of the extracellular segment of the LAR protein contains three tandem Ig-like domains and nine nonIg-like domains . Among the known Ig-like proteins, the LAR protein has the highest degree of similarity to neural-cell adhesion molecule. The non-Ig-like domains of the LAR protein are also similar to the non-Ig-like domains of neural-cell adhesion molecule.
